The circadian clock is a transcriptional/translational feedback loop that drives the rhythmic expression of downstream mRNAs. Termed ''clock-controlled genes," these molecular outputs of the circadian clock orchestrate cellular, metabolic, and behavioral rhythms. As part of our on-going work to characterize key upstream regulators of circadian mRNA expression, we have identified a novel clock-controlled gene in Drosophila melanogaster, Achilles (Achl), which is rhythmic at the mRNA level in the brain and which represses expression of antimicrobial peptides in the immune system. Achilles knock-down in neurons dramatically elevates expression of crucial immune response genes, including IM1 (Immune induced molecule 1), Mtk (Metchnikowin), and Drs (Drosomysin). As a result, flies with knocked-down Achilles expression are resistant to bacterial challenges. Meanwhile, no significant change in core clock gene expression and locomotor activity is observed, suggesting that Achilles influences rhythmic mRNA outputs rather than directly regulating the core timekeeping mechanism. Notably, Achilles knock-down in the absence of immune challenge significantly diminishes the fly's overall lifespan, indicating a behavioral or metabolic cost of constitutively activating this pathway. Together, our data demonstrate that (1) Achilles is a novel clock-controlled gene that (2) regulates the immune system, and (3) participates in signaling from neurons to immunological tissues.
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Introduction
Circadian rhythms are internal timekeeping mechanisms that orchestrate daily oscillations of behavior, metabolism and physiology. In most living organisms, circadian rhythms play a profound role in the regulation of physiological behaviors, such as locomotor activity, sleep-wake cycle, body temperature, blood pressure, cardiovascular activity, muscle strength, feeding, glucose and lipid homeostasis, and alertness (Hastings et al., 2003) . In addition, circadian rhythms regulate both adaptive and innate immunity and thereby influence resistance to infection (Scheiermann et al., 2013) . Circadian rhythms are important for maintaining homeostasis by anticipating and adapting to predictable environmental changes. Consequently, disruption of circadian rhythms influences multiple pathologies, such as neurodegenerative diseases, cardiovascular diseases, obesity, diabetes, cancer, and depression (Halberg et al., 2006; Hastings et al., 2003; Klerman, 2005; Knutsson, 2003; Levi and Schibler, 2007; Wulff et al., 2010) .
At the molecular level, circadian rhythms are regulated by core clock genes that underlie self-sustained 24-h feedback loops. In flies, two transcription factors, CLOCK (CLK) and CYCLE (CYC) compose the positive branch of the feedback loop while PERIOD (PER) and TIMELESS (TIM) compose the negative branch. CLK and CYC form heterodimers and bind to E-box elements located in the promoter regions of per and tim, promoting their expression. Once translated, PER and TIM dimerize and translocate into the nucleus, where they prevent CLK and CYC heterodimers from accessing http://dx.doi.org/10.1016/j.bbi.2016.11.012 0889-1591/Ó 2016 Elsevier Inc. All rights reserved.
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